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(57) ABSTRACT
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mance actions is detected by using a variations sensor and a
degree of skill of the performance action is judged and noti-
fied based on the result detected by the variations sensor.
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SKILL JUDGING DEVICE, SKILL JUDGING
METHOD AND STORAGE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2012-
49931, filed Mar. 7,2012, and the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a skill judging device, skill
judging method and storage medium.

2. Description of Related Art

A musical sound generation device (musical instrument
game machine) which can sound electronic sound (musical
sound) corresponding to a performance action upon detecting
the performance action by a player (user) has been proposed
(JP Patent No. 3599115, for example). Among these devices
that sound such electronic sound, a device (virtual drum
instrument) is known (JP Patent No. 4586525, for example)
that sounds percussion sound upon performing an action by a
player to swing a handheld element (controller) which corre-
sponds to a stick of a percussion instrument. Such a device is
provided with a sensor in the controller and when a player
swings the element in player’s hand, the sensor detects the
motion and the percussion sound is generated in accordance
with the detected results.

Because an actual musical instrument such as a percussion
instrument is heavy and requires enough space, it is difficult
to play or have a practice of such an instrument casually in
one’s own house.

By virtue of a musical sound data generating device that
can detect performance action of a player and generate musi-
cal sound in accordance with the action so as to play virtual
instrumental performance, it will become possible to enjoy
instrumental performance casually without restriction of a
place or space for the performance because the musical sound
can be generated without actual musical instruments.

SUMMARY OF THE INVENTION

Such a virtual musical instrumental device, however, gen-
erates predetermined musical sound by performing (playing)
an action such as tapping a predetermined performance area
in a space where nothing is actually present. Therefore, it is
difficult to recognize where one should play an action to make
desired musical sound or whether one could have played an
action at an appropriate performance area until one becomes
practiced in the performance. It means that it is difficult to
practice an appropriate performance action.

The present invention was made in view of the circum-
stances and an object of the invention is to provide a skill
judging device, skill judging method and a storage medium
that can indicate, with ease to understand, a degree of practice
of playing a virtual musical instrument.

According to an aspect of the invention, a skill judging
device of an embodiment includes a state sensor which
detects a state of each performance action every time the
performance action is played, a variations sensor which deter-
mines a degree of variations of the states of the performance
actions detected by the state sensor, a skill judging portion
which judges a degree of skill of the performance action
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based on the result detected by the variations sensor, and a
notification portion which notifies the result judged by the
skill judging portion.

According to another aspect of the invention, a skill judg-
ing method of an embodiment includes steps of detecting a
state of each performance action by a state sensor every time
the performance action is played, determining a degree of
variations of the states of the performance actions by using a
variations sensor, judging a degree of skill of the performance
action based on the result determined by the variations sensor,
and notifying the judgment result of the degree of practice.

According to further aspect of the invention, a computer-
readable storage medium of an embodiment stores a com-
puter-executable program. The program includes operational
instructions that cause a computer to detect a state of each
performance action, by using a state sensor, every time the
performance action is played, to determine a degree of varia-
tions, by using a variations sensor, of the states of the perfor-
mance actions detected by the state sensor, to judge a degree
of'skill of the performance action based on the result detected
by the variations sensor, and to notify the judgment result.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a drawing illustrating an embodiment of a skill
judging device of the present invention,

FIG. 1B is a virtual drum set of an embodiment,

FIG. 2 is a block diagram of a hardware structure of a stick
section in FIG. 1,

FIG. 3 is a perspective view of a stick section in FIG. 1,

FIG. 4 is a block diagram of a hardware structure of a
camera unit section in FIG. 1,

FIG. 5is ablock diagram of a hardware structure of a center
unit section in FIG. 1,

FIG. 6 is a graph illustrating an acceleration change in
vertical direction of a motion sensor portion,

FIG. 7A is a schematic drawing illustrating a tapping of an
action target position on a virtual hitting surface of a percus-
sion instrument with a stick section,

FIG. 7B is a schematic drawing illustrating multiple acting
positions when a virtual hitting surface of a percussion instru-
ment is hit in multiple number of times with a stick section,

FIG. 8A is a schematic drawing illustrating ten acting
positions when a virtual hitting surface of a percussion instru-
ment is hit in ten times with a stick section,

FIG. 8B is an example of a plan view of a display portion
indicating a degree of practice when performance actions are
played as shown in FIG. 8A,

FIGS. 9A t0 9C are examples of a screen of a display device
showing action positions when a virtual hitting surface of a
percussion instrument is hit in multiple number of times with
a stick section,

FIG. 10 is a process flowchart for a stick section,

FIG. 11 is a process flowchart for a camera unit section,

FIG. 12 is a process flowchart for a center unit section, and

FIG. 13 is a perspective view of a stick section by an
example that a degree of practice is displayed in a display
portion of the stick section.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

(First Embodiment)

A first embodiment of the present invention will be
explained with reference to the drawings. It should be noted
that embodiments explained hereafter include various tech-
nical restrictions to carry out the invention; however, such
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embodiments and the drawings are not intended to limit the
present invention to the embodiments and the drawings.
(Summary of Skill Judging Device)

At first a summary of an embodiment of the invention will
be explained with reference to FIG. 1A and FIG. 1B.

FIG. 1A is a drawing illustrating a schematic structure of a
skill judging device of a first embodiment.

As shown in FIG. 1A, the skill judging device 1 of a first
embodiment includes stick sections 10A and 10B, a camera
unit section 20 and a center unit section 30. The skill judging
device 1 of a first embodiment includes two stick sections
10A and 10B so as to realize virtual drum-set performance
with two drum-sticks. However, the number of sticks is not
limited and one stick section or three or more stick sections
are applicable. The two stick sections 10A and 10B are des-
ignated as “stick section 10” hereafter when they are
explained together.

The stick section 10 is a rod-shaped member extending in
its longitudinal direction, and functions as a performance
appliance that aplayer can hold in player’s hand. Specifically,
a player grips one end (base side) of the stick section 10 and
plays a performance action by swing up and swing down
about a player’s wrist, for example.

At the other end (tip side) of the stick section 10 of a first
embodiment is provided with various sensors such as an
acceleration sensor, and the like (motion sensor portion 14,
see FIG. 2) to detect the performance action by the player.

A detection result detected by the sensor (e.g. raw data
obtained by the sensor) is transmitted to the center unit sec-
tion 30.

A marker portion 15 is provided at the tip side of the stick
section 10 so as to make the camera unit section 20 recognize
the tip of the stick section 10 easily.

The camera unit section 20 is an imaging device provided
with an image pickup portion 24 (e.g. optical camera, see
FIG. 4) that can capture moving images of a player playing
performance action with the stick section 10 at a predeter-
mined frame rate. In a first embodiment, the camera unit
section 20 functions as a state sensor that can detect a state of
the performance action every time the performance action is
played. According to a first embodiment, the camera unit
section 20 as a state sensor captures images, by the image
pickup portion 24, of the stick section 10 (more specifically,
the marker portion 15 of the stick section 10) as the perfor-
mance appliance as a subject. The camera unit section 20 also
includes a camera controlling portion 21 as a position detect-
ing means that can detect a position coordinates of the stick
section 10 (performance appliance) at every timing the stick
section 10 (performance appliance) is played and each of the
position coordinates of the stick section 10 at the detected
performance play can be detected as a state of the perfor-
mance action.

The center unit section 30 receives a detection result of the
sensor (motion sensor portion 14 which will be explained
later) from the stick section 10. Upon receiving the detection
result, the center unit section 30 makes a sounding portion 36,
as a sounding means of predetermined musical sound, send
out the musical sound through a sound output portion 362
such as a speaker in accordance with the detection result and
the position coordinates of the marker portion 15 at the recep-
tion time of the detection result.

Specifically, the center unit section 30 stores position coor-
dinates data of a virtual drum-set D, as shown in FIG. 1B, in
relation to an imaging space of the camera unit section 20 in
a ROM (described later), for example, as a memory means.
The center unit section 30, based on the position coordinates
data of'the virtual drum-set D and the position coordinates of
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the marker portion 15 at the reception time of the result
detected by the motion sensor portion 14, determines an
instrument which the stick section 10 tapped and makes the
sound output portion 362 sound predetermined musical
sound corresponding to the instrument.

According to a first embodiment, a degree of variations of
the states of performance actions detected by the camera unit
section 20 as a state sensor is detected and the degree of skill
of'the player is judged based on the detected degree of varia-
tions.

The skill judging device 1 of a first embodiment will be
explained in details hereafter.

(Structure of Skill Judging Device 1)

The stick section 10, camera unit section 20 and center unit
section 30 that structure the skill judging device 1 of a first
embodiment will be explained in details with reference to
FIGS. 2to 5.

FIG. 2 is a block diagram of a hardware structure of the
stick section 10, FIG. 3 is a perspective view of the stick
section 10, FIG. 4 is a block diagram of a hardware structure
of'the camera unit section 20 and FIG. 5 is a block diagram of
a hardware structure of the center unit section 30.

(Structure of Stick Section 10)

The stick section 10 includes a stick controlling portion 11
composed of such as a CPU (central Processing Unit), ROM
(Read Only Memory) 12, RAM (Random Access Memory)
13, motion sensor portion 14, marker portion 15 and data
communicating portion 16. The stick section 10 is provided
with a power portion (not shown) that supplies electrical
power to each portion.

The ROM 12 stores various processing programs by which
the stick controlling portion 11 executes various processing.

The ROM 12 stores marker feature information for use of
light emission control for the marker portion 15.

The marker feature information is information, when mul-
tiple marker portions 15 exist in the same imaging space, to
distinguish each marker portion 15 (a first marker of the stick
section 10A and a second marker of the stick section 10B in
a first embodiment). The marker feature information may be
a shape, size, color phase (tint), chroma or brightness as well
as flashing speed of the light. When multiple stick sections 10
are provided, each of the stick sections 10 has its own marker
feature information and is controlled to emit light according
to the marker feature information.

The RAM 13 stores various values obtained and/or gener-
ated in the processing such as sensor values output from the
motion sensor portion 14.

The stick controlling portion 11 controls the whole of the
stick section 10.

The stick controlling portion 11 controls communication
between the center unit section 30. For example, when a
sensor value as a detection result by the motion sensor portion
14 (called as “motion sensor data” hereafter) is output from
the motion sensor portion 14, the stick controlling portion 11
transmit the motion sensor data to the center unit section 30
through the data communicating portion 16.

The stick controlling portion 11 reads the marker feature
information from the ROM 12 and controls the emission of
light of the marker portion 15 in accordance with the marker
feature information. As explained above, when multiple stick
sections 10A and 10B are provided, each of the stick sections
10A and 10B is controlled to emit light according to the
different marker feature information. By virtue of the control,
it becomes possible to detect the marker portion 15 (first
marker) of the stick section 10A and the marker portion 15
(second marker) of the stick section 10B separately. If the
marker portions 15 emit light in the same manner, when
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multiple stick sections 10 are provided, there may be a risk
that the marker portions 15 cannot be distinguished to which
stick section 10 the marker portion belongs when they are
captured by the camera unit section 20. Therefore, the stick
controlling portion 11 of the stick section 10A and the stick
controlling portion 11 of the stick section 10B, respectively,
read different marker feature information and control to emit
light differently from the marker portions 15 so as to be
distinguishable between the marker portions 15 easily.

The control by the stick controlling portion 11 is not lim-
ited to them. The stick controlling portion 11 may control the
on/off light emission of the marker portion 15 based on an
instruction from the center unit section 30 or sensor values
(motion sensor data) as a detection result by the motion sensor
portion 14.

The motion sensor portion 14 is provided inside the stick
section 10, for example, and includes a plurality of sensors to
detect the state (e.g. swing down position, swing down speed,
and swing down angle) of the stick section 10. The motion
sensor portion 14 outputs predetermined sensor values (mo-
tion sensor data) as the results of the detection. The results of
the detection (motion sensor data) detected by the motion
sensor portion 14 are transmitted to the center unit section 30
through the data communicating portion 16.

An acceleration sensor, angular speed sensor, magnetic
sensor and the like may be used as the sensors included in the
motion sensor portion 14.

A three-axis sensor that can output acceleration in X-axis,
Y-axis and Z-axis directions may be used as the acceleration
sensor. As shown in FIG. 3, the Y-axis may be a longitudinal
axis of the stick section 10, the X-axis may be an axis that is
parallel to a substrate (not shown) on which the sensor is
provided and is orthogonal to the Y-axis, and the Z-axis may
be an axis that is orthogonal to the X-axis and the Y-axis. The
acceleration sensor may calculate a resultant sensor value
which is obtained by combining all of the acceleration values
while obtaining each acceleration component of the X-axis,
Y-axis and Z-axis.

According to a first embodiment, when performing with
the skill judging device 1, a player holds an end portion (base
side) of the stick section 10 and moves the other end (tip side)
of the stick section 10 up and down about the player’s wrist
(swing up and swing down) to cause a rotating movement of
the stick section 10. The acceleration sensor will calculate the
resultant acceleration sensor value of more than the gravita-
tional acceleration (1G) when the stick section 10 rotates,
while the acceleration sensor will calculate the resultant
acceleration sensor value corresponding to the gravitational
acceleration (1G) when the stick section 10 is in a still state.
The resultant acceleration sensor value may be obtained by,
for example, calculating a square root of the sum of the
squares of each acceleration component of X-axis, Y-axis and
Z-axis.

A sensor having a gyroscope, for example, may be used as
an angular speed sensor. In a first embodiment, the angular
speed sensor outputs a rotation angle 501 in Y-axis direction
and a rotation angle 511 in X-axis direction of the stick
section 10, respectively, as shown in FIG. 3.

The rotation angle 501 about Y-axis is a rotation angle
about a fore-and-aft axis with respect to the player having the
stick section 10 and therefore the rotation angle can be called
as a roll angle. The roll angle corresponds to an angle 502
which indicates a degree of inclination of the X-Y plane with
respectto X-axis and is generated by rotating the stick section
10 right and left about a player’s wrist.

The rotation angle 511 about X-axis is a rotation angle
about side-to-side axis with respect to the player having the
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stick section 10, and therefore the angle can be called as a
pitch angle. The pitch angle corresponds to an angle 512
which indicates a degree of inclination of the X-Y plane with
respect to Y-axis and is generated by swinging the player’s
wrist with the stick section 10 up and down.

The angular speed sensor may also output a rotation angle
about Z-axis (not shown). The rotation angle about Z-axis has
the same property as that of the rotation angle 511 about
X-axis and corresponds to a pitch angle which is generated by
swinging the player’s wrist with the stick section 10 in right
and left directions.

A magnetic sensor which can output magnetic sensor val-
ues in three directions of X-axis, Y-axis and Z-axis, shown by
FIG. 3, may be used as the magnetic sensor. Such a magnetic
sensor outputs vectors indicating north direction in each of
the X-axis, Y-axis and Z-axis directions. Because each output
component of the axis directions differs depending on a pos-
ture (direction) of the stick section 10, the stick controlling
portion 11 can calculate the roll angle and the rotation angles
about X-axis and Z-axis of the stick section 10 based on the
components.

Next, a detection result (motion sensor data) detected by
the motion sensor portion 14 will be explained with reference
to FIG. 6. The detection result is a result of an acceleration
sensor among the sensors above explained.

When a player plays with the stick section 10, the player
performs the same action as when the player plays an actual
instrument such as a drum. At first, in such a performance, the
player raises the stick section 10 and then swings down
towards a virtual surface of a virtual instrument. And the
player exerts the stick section 10 a force to stop the movement
justbefore the virtual instrument because the surface does not
actually exist.

FIG. 6 is an example of the motion sensor data, transmitted
to the center unit section 30 from the stick section 10, indi-
cating the change of a vertical acceleration of the motion
sensor portion 14 when the player having the stick section 10
performed such a performance action.

The vertical acceleration is an acceleration component in
vertical direction with respect to the horizontal plane and can
be calculated by decomposing the acceleration component of
Y-axis. Or the vertical acceleration may be calculated by
decomposing the acceleration component in Z-axis direction
(or acceleration component in X-axis direction, depending on
the roll angle). In FIG. 6, negative acceleration value means
acceleration exerted to the stick section 10 in a downward
direction and positive acceleration value means acceleration
exerted to the stick section 10 in an upward direction.

When the stick section 10 is in a still state (a portion
designated by “a” in FIG. 6), the motion sensor portion 14 of
the stick section 10, which is still against the gravitational
acceleration, detects the acceleration in downward direction,
that is negative direction, because the gravitational accelera-
tion is exerted on the stick section 10. When the stick section
10 falls free, the acceleration exerted on the stick section 10
becomes zero.

Next, when the player lifts up the stick section 10 as a
swing up motion from the still state, the acceleration exerted
to the stick section 10 increases in negative direction, as
shown by an interval designated as “b” in FIG. 6, because the
motion opposes the gravitational acceleration. After that
when the player reduces the lift up speed to stop the stick
section 10, the acceleration turns from a negative direction to
apositive direction and when the lift up motion reached to the
highest speed (point “p1” in FIG. 6), only the gravitational
acceleration (1G) is remained.
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After reaching to the peak point of the stick section 10, the
player swings down the stick section 10, as shown by an
interval “c” in FIG. 6. The acceleration exerted to the stick
section 10 increases in the positive direction than the gravi-
tational acceleration because the stick section 10 moves along
the gravity direction during the swing down motion. When
the swing down motion reaches to the highest speed, only the
gravitational acceleration (1G) is exerted to the stick section
10, again (point “p2” in FIG. 6).

After that the stick section 10 is lifted up and the exerted
acceleration turns to increase to the negative direction, and
when the lift up motion is tried to stop, the exerted accelera-
tion turns to the positive direction from the negative direction,
as shown by an interval “d” in FIG. 6.

The change of the acceleration, as shown in FIG. 6, is
repeated in accordance with the lift up motion and the swing
down motion of the stick section 10 by the player during the
performance and the acceleration change is detected by the
motion sensor portion 14.

Now return to FIG. 2. The marker portion 15 is a light-
emitting body such as a LED, for example, provided at a tip
side of the stick section 10. The marker portion 15 emits a
light and turns off the light in accordance with the control of
the stick controlling portion 11.

Specifically, the marker portion 15 emits a light based on
the marker feature information read from the ROM 12 by the
stick controlling portion 11. As explained above, the marker
feature information of the stick section 10A and the stick
section 10B are different. As a result, as explained later, the
camera unit section 20 can distinguish the marker portion of
the stick section 10A (first marker) and the marker portion of
the stick section 10B (second marker) and acquire position
coordinates of the marker portions of both of the stick sec-
tions distinctly.

The data communicating portion 16 communicates with at
least the center unit section 30 by predetermined wireless
communication. Any method is available for the predeter-
mined wireless communication, and infrared communication
is exemplified for the wireless communication with the center
unit section 30 in a first embodiment. The data communicat-
ing portion 16 may communicate with the camera unit section
20 or with the stick sections 10A and 10B. The type of the
communication by the data communicating portion 16 is not
limited to the wireless communication. The stick section 10
and the center unit section 30 may be connected by a cable
and the data communicating portion 16 may use the cable
communication.

(Structure of Camera Unit Section 20)

Next, a structure of the camera unit section 20 will be
explained with reference to FIG. 4.

The camera unit section 20 includes a camera controlling
portion 21 composed of a CPU, for example, ROM 22, RAM
23, image pickup portion 24 and data communicating portion
25. The camera unit section 20 includes a power portion (not
shown) for supplying power to each portion.

The ROM 22 stores processing programs for various pro-
cessing executed by the camera controlling portion 21.

The RAM 23 stores values obtained and/or generated by
the processing such as data indicating the position of the
marker portion 15 obtained by the image pickup portion 24
(e.g. images of the player playing a virtual drum), data of
position coordinates of the marker portions 15 (first marker
and second marker) of the stick section 10A and 10B calcu-
lated from the position data, and the like.

The RAM 23 stores marker detection condition informa-
tion transmitted from the center unit section 30. The marker
detection condition information is condition information to
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distinguish the marker portions 15 of the stick sections 10A
and 10B and generated from marker feature information by a
main body controlling portion 31 of the center unit section 30.

The camera controlling portion 21 controls the whole of
the camera unit section 20.

In a first embodiment, the camera controlling portion 21
executes marker position detection processing for calculating
each position of the marker portions 15 (first marker and
second marker) of the stick sections 10A and 10B based on,
for example, the marker detection condition information and
data indicating the position of the marker portion 15 obtained
by the image pickup portion 24 (image data containing at least
an area around the stick section 10 including the marker
portion 15 such as an image of the player having the stick
section 10 and playing the virtual instrument).

That is, the camera controlling portion 21 functions as a
position sensor which detects coordinates of a position of the
performance appliance on a captured image plane (position
coordinates of the marker portion 15 of the stick section 10 in
the imaged space) by detecting the marker portion 15 of the
stick section 10 in the image obtained by the image pickup
portion 24 at every timing that the stick section 10 (perfor-
mance appliance) is operated. Thus the camera controlling
portion 21 structures a state sensor with the image pickup
portion 24. When a plurality of marker portions 15 of the stick
sections 10A and 10B are detected, the camera controlling
portion 21 reads the marker detection condition information
from the RAM 23 and distinguishes the marker portion 15
(first marker) of the stick section 10A and the marker portion
15 (second marker) of the stick section 10B. And the camera
controlling portion 21 detects each of the position coordinates
of the detected stick sections 10 (performance appliance) as
each state of the performance action.

The camera controlling portion 21 executes transmission
control for transmitting the data of respective calculated posi-
tion coordinates of the marker portions 15 (first marker and
second marker) of the stick section 10A and 10B to the center
unit section 30 via the data communicating portion 25 (the
data of the position coordinates of the distinguished first
marker and second marker is designated as “detected marker
position information™ hereinafter).

The image pickup portion 24 is an optical camera, for
example, that can capture images containing stick section 10
(performance appliance) containing at least the marker por-
tion 15, as a subject, at a predetermined frame rate. The
picked up images are, for example, moving images of the
player having the stick section 10 and performing a perfor-
mance action.

In a first embodiment, the image pickup portion 24 struc-
tures a state sensor which detects a state of the performance
action at every time the performance action is performed by
the player.

The state of the performance appliance based on the per-
formance action by the player and detected by the image
pickup portion 24 means a performance position of the stick
section 10 (performance appliance) at the time of the perfor-
mance action.

The performance position of the stick section 10 (perfor-
mance appliance) at the time of the performance action means
a position of a performance surface of the virtual instrument
(in the case of a drum, tapping surface to be tapped by the
stick section 10) where the stick section 10 is swung down at
the time of the performance action, and a position of the
marker portion 15 at the tip of the stick section 10 at a
shot-timing which will be explained later.

The image data of each frame picked up by the image
pickup portion 24 is output to the camera controlling portion
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21. Identification of the position coordinates of the marker
portion 15 of the stick section 10 in the imaging space is
executed by the camera unit section 20. However, the identi-
fication of the position coordinates of the marker portion 15
(marker position detecting processing, see FIG. 15) may be
executed by the image pickup portion 24 or the camera con-
trolling portion 21. A discrimination process that discrimi-
nate the marker portions 15 (the first marker and second
marker) of the stick sections 10A and 10B in the captured
image may be executed by the image pickup portion 24 or the
camera controlling portion 21.

The data communicating portion 25 communicates with at
least the center unit section 30 by predetermined wireless
communication (infrared communication, for example). In a
first embodiment, the data communicating portion 25
receives the marker detection condition information from the
center unit section 30. The data communicating portion 25
transmits the detected marker position information to the
center unit section 30.

The data communicating portion 25 may communicate
with the stick section 10 by wireless communication. The
communication method is not limited to wireless communi-
cation. The camera unit section 20 and the center unit section
30 may be connected by a cable and they may be communi-
cated with each other by the data communicating portion 25.
(Structure of Center Unit Section 30)

Next, the structure of the center unit section 30 will be
explained with reference to FIG. 5.

The center unit section 30 includes a main body controlling
portion 31 composed of a CPU and the like, ROM 32, RAM
33, switch operation detection circuit 34, display circuit 35,
sounding portion 36 and data communicating portion 37. The
center unit section 30 includes a power portion (not shown) to
supply power to each portion as well.

The ROM 32 stores various processing programs to be
executed by the main body controlling portion 31.

The ROM 32 stores waveform data of various sounds
(sound source data of each instrument), e.g. waveform data of
percussion instruments composing the assumed virtual drum
set D (FIG. 1B) of a first embodiment such as a bass drum,
high hat, snare, cymbals, tam, and the like. The stored wave-
form data is associated with the position coordinates of the
instruments in the spatial performance area 5 (see FIG. 2, for
example). The ROM 32 may store waveform data of sounds
of wind instruments such as a flute, sax and trumpet, key-
boards such as a piano, and stringed instruments such as a
guitar as well as percussion instruments.

The RAM 33 stores information of a state of the stick
section 10 received from the stick section 10, that is, the
detection result (motion sensor data) of the motion of the stick
section 10 (performance appliance) detected by the motion
sensor portion 14 of the stick section 10, respective position
coordinates data (detected first marker position information
and detected second marker position information), received
from the camera unit section 20 as a detecting means, of
respective marker portion 15 (first marker and second
marker) of the stick sections 10A and 10B, and the like.

The RAM 33 stores the marker feature information, trans-
mitted from the stick sections 10A and 10B, of the marker
portion 15 (first marker) of the stick section 10A and the
marker portion 15 (second marker) of the stick section 10B.

The main body controlling portion 31 controls the whole of
the center unit section 30.

According to a first embodiment, the main body control-
ling portion 31 includes a sounding controlling portion 311,
variations detecting portion 312, skill judging portion 313,
and the like from the viewpoint of a functionality. The func-
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tions of the sounding controlling portion 311, variations
detecting portion 312, skill judging portion 313, and the like
are exerted by the cooperation with the CPU and the programs
stored in the ROM 32, and the like.

The sounding controlling portion 311 is a musical sound
generation instructing means that instructs to generate prede-
termined musical sound every time the player plays a perfor-
mance action with the stick section 10 (performance appli-
ance). The sounding controlling portion 311 gives a direction
to the sounding portion 36 as a sounding means to generate
predetermined musical sound when an action position of the
stick section 10 as the performance appliance, at the perfor-
mance action, is within a predetermined performance area 5.

Specifically, the sounding controlling portion 311 gives a
sounding signal (note on event) to the sounding portion 36, as
a sounding means, to generate predetermined musical sound
in accordance with the detection result (motion sensor data)
of the motion of the stick section 10 (performance appliance)
detected by the motion sensor portion 14 as a detecting means
and the detected marker position information transmitted
from the camera unit section 20. The note on event (sounding
signal) includes information such as a shot timing (sounding
timing), sound level, tone of the sound (type of instrument),
and the like.

More specifically, upon receiving the detection result (mo-
tion sensor data) of the motion of the stick section 10 (per-
formance appliance) detected by the motion sensor portion 14
and transmitted from the stick section 10 (performance appli-
ance), the sounding controlling portion 311 detects the state
of'the stick section 10, held by the player, such as a direction
and an angle (that may be said as a performance state by the
player) based on the transmitted data. The sounding control-
ling portion 311 detects timing of a tap (shot timing) on the
virtual instrument by the stick section 10 based on the accel-
eration data (or synthesized data) output from the accelera-
tion sensor.

The detection of the shot timing by the sounding control-
ling portion 311 will be explained with reference to FIG. 6.

As explained above, FIG. 6 is a graph illustrating the accel-
eration change in vertical direction of the motion sensor por-
tion 14 when the player performed a performance action with
the stick section 10.

Since the player expects generation of musical sound at the
moment the stick section 10 is shot on the virtual instrument,
it is preferable that the skill judging device 1 can generate the
musical sound at the timing the player expects. Therefore, the
skill judging device 1 of a first embodiment generates the
musical sound at the moment or slightly before the moment
the player strikes the tapping surface of the virtual instrument
with the stick section 10.

According to a first embodiment, the sounding controlling
portion 311 of the center unit section 30 detects a moment that
the lift, up motion is started just after the end of the swing
down motion which determines the moment of impact on the
tap surface of the virtual instrument with the stick section 10.
That is, in the interval d in FIG. 6, the sounding controlling
portion 311 detects a point of time “A” as the shot timing
(sounding timing), where acceleration is increased by prede-
termined value in a negative direction from the still state, that
is, the acceleration is only gravitational acceleration (point p2
in FIG. 6).

And the sounding controlling portion 311 generates the
note on event (sounding signal) so as to generate the musical
sound at the time the shot timing is detected.

The sounding controlling portion 311 detects a speed and
strength of the swing down motion of the stick section 10 by
the player, a position and an angle of the swung stick section
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10, and the like based on the detection result (motion sensor
data) of the motion of the stick section 10 (performance
appliance) detected by the motion sensor portion 14. In a first
embodiment, when controlling the sounding portion 36, the
sounding controlling portion 311 takes the detected marker
position information of the marker portions 15 (first marker
and second marker) of the stick sections 10A and 10B
received from the camera unit section 20 into consideration as
well as the detection result (sensor values) of the motion of
the stick section 10 (performance appliance) detected by the
motion sensor portion 14.

The sounding controlling portion 311 generates note on
events corresponding to the player’s action. That is, the
sounding controlling portion 311 judges as to which instru-
ment is tapped by how fast, how strong and what timing based
on the motion sensor data and the detected marker position
information, reads waveform data corresponding to an instru-
ment in accordance with the judgment from the ROM 33 and
outputs the sounding signals (note on events) to the sounding
portion 36 so as to sound the predetermined musical sound in
a sound level in accordance with the speed and the strength of
the tapping at the predetermined shot timing.

The variations detecting portion 312 is a variations detect-
ing means (variations sensor) to detect the variations of the
performance action based on the states of the stick section 10
(performance appliance) detected by the image pickup por-
tion 24 of the camera unit section 20.

The skill judging device 1 of a first embodiment is select-
able for a normal performance mode and a skill judging mode
which judges a skill (degree of practice) of the player. When
the skill judging mode is selected, the variations detecting
portion 312 detects the degree of variations of the perfor-
mance actions based on the states of the stick section 10
(performance appliance) expressed by the detected marker
position information of the first marker and the second marker
received from the camera unit section 20.

In a first embodiment, the variations detecting portion 312
detects variations of the amount of shift of action positions of
the stick section 10 (performance appliance) during the per-
formance action from an action target position defined in the
predetermined performance area 5, which is termed as the
degree of variations of the performance actions.

The action target position is, for example, a center point
“cp” in the predetermined performance area 5 as shown in
FIG. 7A.

The action position of the stick section 10 (performance
appliance) during the performance action is, for example, a
position of the tip portion of the stick section 10 (performance
appliance) at the shot timing determined by the detected
marker position information of the first marker and the second
marker received from the camera unit section 20 as explained
above and shown as a performed position “sp” in FIG. 7B.

The amount of shift of performed position from the action
target position is, for example, a linear distance between the
center point “cp” of the performance area 5 as the action
target position and the action position “sp”.

The variations detecting portion 312 detects how degree
the action position “sp” is shifted from the center point “op”
of'the performance area 5 as the action target position for each
shot based on the detection result obtained by the detecting
means and stores the data in the RAM 33, for example. The
determination of the amount of shift is executed, for example,
by comparing the position coordinates of the center point
“cp” and the position coordinates of the action position “sp”.

The skill judging portion 313 is a skill judging means to
judge the player’s skill of performance based on the detected
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data by the variations detecting portion 312 as a variations
detecting means (variations sensor).

The skill judging portion 313 calculates the sum of the
amounts of shifts from the center point “cp” of predetermined
number of shots, e.g. ten shots, detected by the variations
detecting portion 312 and judges whether or not the sum is
over a predetermined threshold value. Four threshold values
are provided, for example, and the skill judging portion 313
judges such that if the sum is not larger than the first threshold,
the player’s skill is the highest level 5, if the sum is over the
first threshold and not larger than the second threshold, the
skill is level 4, if the sum is over the second threshold and not
larger than the third threshold, the skill is level 3, if the sum is
over the third threshold and not larger than the fourth thresh-
old, the skill is level 2, and if the sum is over the fourth
threshold, the skill is the lowest level 1.

The number of thresholds or skill levels is not limited to
this example. For example, a threshold value is provided and
it may be judged such that if the sum of the amount of shift is
not larger than the threshold, the skill is good and if the sum
is over the threshold, the skill is poor.

The method to judge the skill of performance by the skill
judging portion 313 is not limited to this example. For
example, an average of the amounts of shifts of the shots from
the center point “cp” detected by the variations detecting
portion 312 may be calculated and the skill may be judged by
determining whether or not the average value is over a pre-
determined threshold.

The main body controlling portion 31 controls communi-
cation between the stick section 10 and the camera unit sec-
tion 20 via the data communicating portion 37.

According to a first embodiment, the main body control-
ling portion 31 receives the motion sensor data from the stick
section 10 and receives the detected marker position informa-
tion of the first marker and the second marker from the camera
unit section 20, respectively, via the data communicating
portion 37.

The main body controlling portion 31 generates the marker
detection condition information based on the marker feature
information and transmits the marker detection condition
information to the camera unit section 20 via the data com-
municating portion 37.

The switch operation detection circuit 34 is connected with
a switch 341 and receives input information through the
switch 341. The input, information includes, for example,
change of a sound level or a tone of the musical sound and
change of display in a display device 351. In a first embodi-
ment, as explained above, a normal performance mode and a
skill judging mode are selectable by instructing a mode
change through the switch 341. Upon inputting of informa-
tion of the mode change through the switch 341, the switch
operation detection circuit 34 receives the input information,
and the main body controlling portion 31 changes the mode
according to the input information.

The data communicating portion 37 communicates
between the stick section 10 and the camera unit section 20 by
predetermined wireless communication (infrared communi-
cation, for example).

The display circuit 35 is connected with the display device
351 and controls the display device 351.

The display device 351 is a display means composed of a
liquid crystal display (LCD) and the like, for example.

In a first embodiment, the display device 351 displays a
judgment by the skill judging portion 313, that is, the display
device 351 functions as a notification means to notify a judg-
ment result judged by a skill judging means.
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For example, supposing that the player acted ten perfor-
mance actions (shots) and the action position “sp” of each
shot in the virtual performance area 5 was detected as shown
by FIG. 8A, and when the skill judging portion 313 judged
that the player’s skill level is 3, an indicator screen, on which
three stage lamps is lit among five stage lamps as shown by
FIG. 8B, is displayed on the display device 351. The display
style indicating the result is not limited to the example. For
example, some words such as “your level is 3” may be dis-
played instead on the display device 351.

When the skill judging mode is selected, the action position
“sp” of each performance action (shot) played by the player
may be displayed at any time on the display device 351.

For example, it may be possible to display the action posi-
tion “sp” of each performance action defined by the detected
marker position information as a plane coordinates on the
display device 351, as shown in FIG. 9A, by being superim-
posed on an image illustrating concentric circles about the
center point “cp” of the performance area (striking area) 5 as
the action target position.

It is also possible to display the action position “sp” of each
performance action defined by the detected marker position
information as a plane coordinates on the display device 351,
as shown in FIG. 9E, by being superimposed on an image
illustrating three-dimensional doughnut-shaped performance
area (striking area) 5 about the center point “cp”.

Or following example will be possible as shown in FIG.
9C. That is, an image illustrating a plan view of the virtual
drum set D is displayed on the display device 351. When the
performance action is played by the player, a color of the
performance area (striking area) 5 of an instrument corre-
sponding to the performance action is changed, or an image
superimposing the performance position “sp” of each perfor-
mance action defined by the detected marker position infor-
mation on the virtual drum set D is displayed on the display
device 351.

The sounding portion 36 is a sounding means to sound a
predetermined musical sound and includes a musical sound
data generating portion 361 and a musical sound output por-
tion 362.

The musical sound data generating portion 361 is a func-
tional portion that reads waveform data from the ROM 32
based on an instruction by the sounding controlling portion
311, generates musical sound data and converts the generated
musical sound data into analog signals.

The musical sound output portion 362 is a speaker, for
example, and sounds musical sound based on the musical
sound data generated by the musical sound data generating
portion 361. The musical sound output portion 362 is not
limited to a speaker but an output terminal and the like to
output the musical sound to a headphone, for example.
(Processing in Skill Judging Device 1)

Next, the processing in the skill judging device 1 will be
explained with reference to FIGS. 10 to 12.

FIG. 10 is a process flowchart for the stick section 10, FIG.
11 is a process flowchart for the camera unit section 20 and
FIG. 12 is a process flowchart for the center unit section 30.
(Processing for Stick Section 10)

As shown in FIG. 10, the stick controlling portion 11 of the
stick section 10 reads the marker feature information stored in
the ROM 12 (step S1). Each stick controlling portion 11 of the
stick sections 10A and 10B reads different marker feature
information, respectively, in this step. The reading of the
different marker feature information may be carried out in
any way. The stick section 10A and 10B may communicate
with each other directly or via the center unit section 30, for
example. Or each stick section 10 may have unique marker
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feature information and the stick controlling portions 11 of
the stick sections 10A and 10B may read the assigned respec-
tive marker feature information.

The stick controlling portions 11, upon reading the marker
feature information, stores the marker feature information in
the RAM 13 and transmits to the center unit section 30
through the data communicating portion 16 (step S2). The
stick controlling portions 11 transmits the marker feature
information such that the information is associated with the
identification information (stick identification information)
for distinguishing the stick sections 10A and 10B to the center
unit section 30.

The stick controlling portions 11 turns on the marker por-
tion 15 in accordance with the marker feature information
(step S3).

Next, the stick controlling portions 11 reads motion sensor
data, that is, sensor values (detection results) output from
various sensors, from the motion sensor portion 14 and stores
the data in the RAM 13 (step S4). After that, the stick con-
trolling portions 11 transmits the read motion sensor data to
the center unit section 30 through the data communicating
portion 16 such that the data is associated with the stick
identification information (step S5).

The stick controlling portions 11 decides whether or not a
series of performance actions is finished (step S6) and when
decided that the performance actions are finished (step S6:
YES), the stick controlling portions 11 turns off the marker
portion 15 (step S7). The stick controlling portions 11 may
judge that the performance actions are finished in the case
where the sensor value output from the motion sensor portion
14 changes smaller than a predetermined value, where a
switch (not shown) of the stick section 10 is turned off or
where a signal indicating an end of performance is transmit-
ted from the center unit section 30, for example. On the other
hand, when the stick controlling portions 11 judged that the
performance actions are not finished (step S6: NO), the pro-
cess goes to step S4 and repeats the processing.

(Processing at Camera Unit Section 20)

As shown in FIG. 11, the camera controlling portion 21 of
the camera unit section 20 acquires the marker detection
condition information transmitted from the center unit sec-
tion 30 and stores the information in the RAM 23 (step S11).
The marker detection condition information is a condition to
detect each of the marker portions 15 of'the stick sections 10A
and 10B and generated from the marker feature information
(see steps S22 and S23 in FIG. 12). The marker feature
information may be a shape, size, color, color saturation,
brightness, and the like of the marker.

Next, the camera controlling portion 21 sets various con-
ditions of the image pickup portion 24 based on the marker
detection condition information (step S12).

Next, the camera controlling portion 21 controls the image
pickup portion 24 so as to acquire an image containing the
marker portion 15 of the stick section 10, and the like, by a
camera of the image pickup portion 24 and executes a first
marker position detection processing (step 913) and a second
marker position detection processing (step S14). The camera
controlling portion 21 acquires the detected marker position
information such as a position coordinates, size, angle, and
the like (information of position of the performance appliance
of'an embodiment at the time of action) of each of the marker
portion 15 (first marker) of the stick section 10A and the
marker portion 15 (second marker) of the stick section 10B
from the image acquired by the image pickup portion 24, and
stores the information in the RAM 23.

Next, the camera controlling portion 21 transmits the
detected marker position information obtained at step S13
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and step S14 to the center unit section 30 through the data
communicating portion 25 (step S15).

The camera controlling portion 21 decides whether or not
a series of performance actions is finished (step S16) and
when it is decided that the performance actions are finished
(step S16: YES), the processing is ended. When it is decided
that the performance actions are not finished (step S16: NO),
the processing returns to step S13 and is repeated.
(Processing at Center Unit Section 30)

Atfirst, as shown in FIG. 12, the normal performance mode
or the skill judging mode is set by a manual operation using
the switch 341. The mode setting is not limited to the input
from the switch 341. It may be configured such that the
normal performance mode is selected when no mode setting
is input and when the skill judging mode is input, the mode is
selected.

The main body controlling portion 31 of the center unit
section 30 receives the marker feature information from the
stick section 10 and stores the information in the RAM 33
(step S22). Next, the main body controlling portion 31 gen-
erates the marker detection condition information based on
the marker feature information and detection condition set
through the switch 341, and transmits the information to the
camera unit section 20 through the data communicating por-
tion 37 (step S23).

Next, the main body controlling portion 31 receives the
detected marker position information of the first marker and
the second marker from the camera unit section 20 and stores
the information in the RAM 33 (step S24). The main body
controlling portion 31 receives the motion sensor data such as
posture information associated with the stick identification
information, shot information, action information and the like
from each of the stick sections 10A and 10B and stores the
data in the RAM 33 (step S25).

Next, the sounding controlling portion 311 detects the shot
timing on the basis of the received motion sensor data (step
S26). Specifically, supposing that the motion sensor data is as
shown in FIG. 6. When a swing down action of the stick
section 10 after lift up action exists (point “A” in FIG. 6
exists), the sounding controlling portion 311 detects a point of
time just starting a lift up action after the swing down action
as a shot timing (sounding timing). And when the shot timing
is detected, the sounding controlling portion 311 decides
whether or not the action position of the shot “sp” (position of
the marker portion 15 at the time of shot) is within the pre-
determined performance area (shot area) 5 (step S27). When
it is decided that the action position (shot position) “sp” is
within the predetermined performance area 5 (step S27:
YES), the sounding controlling portion 311 outputs the
sounding signal (note on event) to the sounding portion 36 so
as to sound the musical sound of the instrument correspond-
ing to the performance area 5 at the shot timing. As a result,
predetermined musical sound is output from the sound output
portion 362 such as a speaker (step S28). When it is decided
that the action position of the shot is not within the perfor-
mance area 5 (step S27: NO), the sounding signal is not
output and goes to the next step.

The main body controlling portion 31 decides whether the
skill judging mode is selected (step S29), and when decided
that the skill judging mode is selected (step S29: YES), the
main body controlling portion 31 stores the detected marker
position information (coordinates of the action position of the
stick section 10) of the shot in the PAM 33 and the like (step
S30). The main body controlling portion 31 decides whether
the number of the detected marker position information
stored in the RAM 33, for example, reached a predetermined
number (ten times, for example) or not, that is, the predeter-
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mined number of shots are completed during the skill judging
mode and the predetermined number of the action positions
“sp” are stored or not (step S31). When the predetermined
number of detected marker position information (action posi-
tions “sp”) are not stored (step S31: NO), the main body
controlling portion 31 repeats the processing from step S24.

When decided that the predetermined number (ten, for
example) of detected marker position information (action
positions “sp”) are stored (step S31: YES), the processing
goes to the skill judging step (step S32).

Specifically, an amount of shift of the action position “sp”
from the center point “cp” is detected by the variations detect-
ing portion 312 as a variations detecting means. The skill
judging portion 313 sums up the amount of shifts detected by
the variations detecting portion 312 and decides whether or
not the sum exceeds predetermined threshold values. Four
threshold values are provided, for example, and the skill
judging portion 313 decides such that when the sum is not
larger than the first threshold value, the skill, is the highest
level 5, when the sum is over the first threshold value and not
larger than the second threshold value, the skill is level 4,
when over the second threshold value and not larger than the
third threshold value, the skill is level 3, when over the third
threshold value and not larger than the fourth threshold value,
the skill is level 2, and when over the fourth threshold value,
the skill is the lowest level 1.

After deciding the skill of the player by the skill judging
portion 313, a screen showing the result is displayed on the
display device 351 to notify the result to the player (step S33).

After deciding the skill for the predetermined number of
shots (ten, for example) by the skill judging portion 313, the
coordinates data of the action positions “sp” (detected marker
position information) is deleted from the RAM 33 (step S34).

When the skill judging mode is not selected (in the case
where a normal performance mode is selected, step S29: NO)
or when the skill judging steps are ended during the skill
judging mode and the detected marker position information is
deleted (step S34), the main body controlling portion 31
decides whether or not the performance is finished (step S35).
When decided that the performance is finished (step S35:
YES), the sounding step is ceased. When decided that the
performance is not finished (step S35: NO), the main body
controlling portion 31 repeats the steps from step S24.

According to the skill judging device 1 of a first embodi-
ment, it becomes possible to detect degree of variations of
performance actions based on a state of the stick section 10
(performance appliance) detected by the image pickup por-
tion 24 as a detecting means to detect the state of the stick
section 10 (performance appliance) as a result of the perfor-
mance action by the player and to judge a degree of skill of the
player based on the detected degree of variations of the per-
formance actions. By virtue of the device, even a beginner
who plays a virtual instrument by tapping a space where
nothing is actually existing, and is not skilled in the instru-
ment, can recognize how degree the player’s performance is
advancing to ideal performance. As a result, the device can
assist such a player to practice the instrument.

A player can easily recognize the player’s own skill since
the judging result of the skill is notified to the player by a
notification on the display device 351, for example.

According to a first embodiment, the detecting means
detects the action position “sp” at the performance action of
the stick section 10 as a state of the stick section 10 (perfor-
mance appliance) as a result of the performance by the player.
The variations detecting portion 312 detects the variations of
the degree of shift of the action point “sp” from the action
target position (center point “cp”) defined in the performance
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area 5 as a degree of variations of the performance actions.
Therefore, the player can recognize easily from the judging
result whether he(she) is tapping a proper position so that
he(she) would understand how to improve the player’s skill,
e.g. how degree he(her) should correct the action point “sp”.

In addition, according to a first embodiment, a normal
performance mode is selectable as well as the skill judging
mode. When the action position “sp” of the stick section 10
(performance appliance) at the performance action is within
the predetermined performance area 5, predetermined musi-
cal sound corresponding to the performance action is output
from the sounding portion 36, e.g. speaker, to enjoy playing a
usual instrument.

According to a first embodiment, the camera unit section
20 composed of an image pickup portion 24, camera control-
ling portion 21, and the like functions as a state sensor to
detect a state of the performance action every time the per-
formance action is performed. However, the detecting means
is not limited to the camera unit section 20.

The sensors such as the motion sensor portion 14 of the
stick section 10 may function as the state sensor instead of the
camera unit section 20 or with the camera unit section 20 to
detect a state of the performance action every time the per-
formance action is performed. In such a case the motion
sensor portion 14 such as a magnetic sensor detects an action
position of the stick section 10 at a performance action as the
state of the stick section 10 (performance appliance) as a
result of the player’s action based on a direction and an angle
of the tip of the stick section 10, for example.

When the sensors (motion sensor portion 14) of the stick
section 10 plays a role as the detecting means instead of the
image pickup portion 24, the skill judging device 1 may not
include the camera unit section 20 having the image pickup
portion 24.

The action target position is assumed at the center point
“cp” of the performance area 5 in a first embodiment; how-
ever, the action target position is not limited to the center
point. For example, the action target position may be an area
including the center point “cp” (an area where proper musical
sound will be made if there be an actual instrument). In this
case, the variations detecting portion 312 detects as to
whether or not the action position is within the action target
position and stores the number of shots which is out of the
action target position in the RAM 33, and the like. The skill
judging portion 313 judges the skill of the performance based
on the result detected by the variations detecting portion 312
such that when the number of shots out of the action target
position is equal to a predetermined threshold value or larger,
the skill judging portion 313 judges the skill is poor, for
example.

In a first embodiment the action target position is set on the
center point “cp” of the performance area 5. However, it may
be possible to provide multiple levels of the skill judgment.
For example, a predetermined area (where proper musical
sound will be made if there be an actual instrument) including
the center point “cp” is set as the action target position for a
beginner’s level and only the center point “cp” is set as the
action target position for as a strict criterion to judge the level
of skill.

In a first embodiment single action target position (e.g.
center point “cp”) is set in the performance area 5. However,
it may be possible to set multiple action target positions in the
performance area 5 and judge the skill for each position.

Since different musical sound will be made when tapped at
a center portion and at an edge portion of the same tapping
surface of an actual instrument, a good player makes difterent
musical sound intentionally by tapping different positions. It
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becomes possible to judge a skill of the performance which is
close to an actual instrument by providing multiple action
target positions in the performance area 5 and judging the
skill for each position.
(Second Embodiment)

Next, a second embodiment of the skill judging device of
the invention will be explained. Because a method to judge a
skill as different from that of a first embodiment, the different
points will be mainly explained below.

A skill judging device of a second embodiment is provided
with a stick section 10, camera unit section 20 and a center
unit section 30, as is the same as a first embodiment.

According to a second embodiment a state sensor to detect
a state of a performance action every time the performance
action is played is a motion sensor portion 14 provided in the
stick section 10. The motion sensor portion 14 as a state
sensor, provided in the stick section 10 (performance appli-
ance), has a speed sensor to detect a moving speed exerted to
a main body of the stick section 10 (performance appliance)
every time a performance action is played and detects the
moving speed of each performance action as the state of each
performance action.

The moving speed of each performance action of the stick
section 10 is a moving speed of the stick section 10 for each
swing down motion and can be detected by an acceleration
detected by an acceleration sensor, for example.

In a second embodiment a variations detecting portion as a
variations detecting means (variations sensor) detects a
degree of variations of states of performance actions of the
stick section 10 detected by the detecting means, e.g. motion
sensor portion 14 (acceleration sensor).

Specifically, the variations detecting portion detects as to
whether the measured data, which indicates a moving state of
the stick section 10 at the performance action, such as an
acceleration detected by the acceleration sensor is within a
predetermined range or not and detects the number of the
measured data within the predetermined range as a degree of
variations of the performance actions. The predetermined
range means a range that, when the performance is within the
range, it can be regarded that the performance was almost the
same and a concrete value is set as appropriate.

A method which detects a degree of variations by the
variation detecting portion is not limited to the embodiment.
It may be possible, for example, to collect predetermined
number of performance actions, e.g. ten times, and compare
measured data, e.g. acceleration data, of the ten performance
actions so as to detect a degree of shift of each data instead of
specifying a predetermined value.

A skill judging portion as a skill judging means judges a
degree of practice of performance action based on the result
(the degree of variations of measured data indicating a mov-
ing state of the stick section 10 at a performance action)
detected by the variations detecting portion.

When a performance skill of a player is in a high level, a
performance form, tapping power control and the like during
a performance of the same instrument becomes constant and
thus the measured data indicating the moving state of the stick
section 10 at the performance action, e.g. acceleration
detected by an acceleration sensor, tend to gather at a constant
value. Therefore, it is possible to judge a performance skill of
the player by analyzing how degree the measured data (e.g.
measurement value of the acceleration sensor) corresponding
to moving speeds of multiple performance actions gather to a
constant value.

Specifically, the skill judging portion judges the perfor-
mance skill by deciding whether or not the number of mea-
sured data detected by the variations detecting portion within
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a predetermined value is over a predetermined threshold
value. As explained in a first embodiment the threshold value
may be one or more. When multiple threshold values are
assigned, the skill judging portion judges the performance
skill in multiple levels such that when the number of mea-
sured data within a predetermined value is seven or more, the
skill level is high, when the number is four or more and
smaller than seven, the skill level is middle, and when the
number is smaller than four, the skill is beginner’s level, for
example.

Since the other structures are the same as those of a first
embodiment, the same member is designated as the same
symbol and an explanation thereof is omitted.

Next, functions of the skill judging device 1 of a second
embodiment will be explained.

In a second embodiment, since a processing other than a
process to judge performance skill (steps S30 to S34 in FIG.
12) is the same as that of a first embodiment, an explanation
thereof is omitted.

When a skill judging mode is selected, in a second embodi-
ment, a main body controlling portion stores data for each
shot relating to a moving speed of the stick section 10 (accel-
eration data measured by an acceleration sensor, for example)
in a RAM, for example.

The main body controlling portion decides whether or not
a predetermined number of stored measured data is accumu-
lated and when decided that the predetermined number (e.g.
ten) of measured data for performance actions is accumu-
lated, goes to the skill judging process.

Inthe skill judging process, the variations detecting portion
decides whether each measured data is within a predeter-
mined range or not and the number of data outside the pre-
determined range is counted. Next, the skill judging portion
decides as to whether or not the number of data outside the
predetermined range is over a predetermined value based on
the result counted by the variations detecting portion. The
skill judging portion judges the performance skill be high
when the number of data is not larger than the threshold value
and low when the number of data is over the threshold value.

The judged skill is notified to the player by displaying the
judgment result on a display device, for example.

After completion of the skill judging process and notifica-
tion of the judgment result, the measured data stored in the
RAM and used for the skill judging process is deleted. If a
series of performance action is finished, the processing is
terminated and when the performance is not finished, new
data (e.g. detected marker position information and motion
sensor data) is received from the camera unit section and the
stick section and processed in the same manner.

According to the skill judging device 1 of a second embodi-
ment, the motion sensor portion 14 as a detecting means
detects a state of the stick section 10 (performance appliance)
as a result of a performance action by the player and a degree
of variations is detected based on the detected states of the
stick section 10. The performance skill of the player is then
judged based on the degree of variations. By virtue of the
device, as explained in a first embodiment, even a beginner
who plays a virtual instrument by tapping a space where
nothing is actually existing, and is not skilled in the instru-
ment, can recognize how degree the player’s performance is
advancing to ideal performance. As a result, the device can
assist such a player to practice the instrument.

Since the motion sensor portion 14 of the stick section 10
functions as a state sensor to detect a state of a performance
action every time the performance action is played, the skill
judging process can be executed without camera unit section
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In a second embodiment, various sensors (motion sensor
portion 14) of the stick section 10 function as a detecting
means to detect a moving speed of the stick section 10 at the
performance action, which indicates a state of the stick sec-
tion 10 (performance appliance) as a result of the perfor-
mance action by the player. However, the detecting means is
not limited to the motion sensor portion 14.

For example, an image pickup portion 24 of the camera unit
section 20 may function as a detecting means to detect a state
of the performance appliance as a result of the performance
action by the player instead of or with the motion sensor 14.
In this instance a moving speed of the stick section 10 can be
detected from images that are continuously acquired, for
example.

An exemplary embodiment above explained is a mere
example of the present invention and not for limiting the
invention. It should be noted that a detailed structure, each
element or each operation of the device of an exemplary
embodiment above explained can be modified within the gist
of the present invention.

For example, any processing to be carried out in the stick
section 10, camera unit section 20 or center unit section 30
may be executed in the other unit (stick section 10, camera
unit section 20 or center unit section 30).

Specifically, a stick controlling portion 11 of the stick
section 10 (performance appliance) may function as a musi-
cal sound generating instruction means, variations detecting
means and skill judging means and analysis of measured data
of various sensors may be carried out in the stick controlling
portion 11. In this instance a note on event (sounding signal)
based on the detected result by the various sensors is trans-
mitted to the center unit section 30 instead of detected result
itself (raw data of the sensors) obtained by the motion sensor
portion 14 as a detecting means.

In another embodiment, a CPU 31 ofthe center unit section
30 may calculate position coordinates of the marker portions
15 (first marker and second marker) of the stick sections 10A
and 10B based on data indicating position data (image data
containing the player) of the marker portions 15 detected by
the image pickup portion 24 of the camera unit section 20 and
the marker feature information. In this instance the marker
detection condition information to identify each marker por-
tion 15 of the stick section 10A or 10B need not to be stored
in the RAM 23 of the camera unit section 20 since, it is
sufficient for the camera unit section 20 simply to capture
images and send them to the center unit section 30.

In a second embodiment the display device 351 functions
as a notification means to notify the judgment result obtained
by the skill judging means; however, the notification means is
not limited to the display device 351.

For example, an indicator for indicating the skill judgment
result by the number of lit lamps or a color of a lamp may be
provided beside the display device 351.

An indicator 17 or the like indicating the skill judgment
result may be provided on the stick section 10 as shown in
FIG. 13.

Further, the judgment result may be pronounced from a
sound output portion 362 of a sounding portion 36 instead of
or with the display device 351.

In an embodiment the skill judging device 1 has a normal
performance mode as well as a skill judging mode. However,
a skill judging device 1 may be a practice-only device having
only a skill judging mode. In this instance the sounding por-
tion 36 does not need to be provided.

In an embodiment the sounding process is carried out
according to the performance action even when the skill judg-
ing mode is selected. However, it may be possible, when the
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skill judging mode is selected, not to carry out the sounding
process and carry out the notification of the skill only by a
display or sound.

In an embodiment acceleration data measured by an accel-
eration sensor is exemplified as motion sensor data obtained
by the motion sensor portion 14 as a detecting means. How-
ever, the motion sensor data is not limited to that but may be
an angular acceleration data obtained by a gyroscope, for
example.

In an embodiment a rotation about an axis parallel to the
stick section 10 is not considered. However, such a rotation
may be taken into consideration by using a sensor such as an
angular acceleration sensor.

In an embodiment the skill judging device 1 includes the
motion sensor portion 14 of the stick section 10 and the image
pickup portion 24 of the camera unit section 20 as a detecting
means to detect a state (e.g. swing down position, swing down
speed and swing down angle) of the stick section 10 (perfor-
mance appliance) as a result of the performance action by the
player. However, a detecting means is not limited to those. A
pressure sensor may be provided as the motion sensor portion
14, for example, and sensors using laser, ultrasonic wave or
the like for measuring a distance or an angle may be provided
as well as image sensors provided in the image pickup portion
24 as a detecting means to detect the marker portion 15.

In an embodiment a drum set D (FIG. 1B) is assumed as a
virtual instrument. However, the present invention can be
applied to other instruments, e.g. a xylophone by which musi-
cal sound is generated by a swing down action of the stick
section 10.

In an embodiment the sounding portion 36 as a sounding
means is provided in the center unit section 30; however, the
sounding means may be separated from the center unit sec-
tion 30. In such a case the sounding means and the center unit
section 30 is connected by wire or wireless and the sounding
means generates predetermined sound according to an
instruction signal from the center unit section 30.

In an embodiment the performance appliance is the rod-
shaped stick section 10; however, the performance appliance
is not limited to that. The performance appliance may be other
than stick-shaped such as box-shaped, e.g. portable terminal
equipment such as a mobile phone.

Because the skill judging device 1 generates musical sound
by playing performance action e.g. by tapping the perfor-
mance appliance in space, not by tapping the performance
appliance on an actual instrument, even when a precision
electronic equipment is used for the performance appliance,
the performance appliance will not be damaged.

In an embodiment the stick section 10, camera unit section
20 and center unit section 30 have power supply portions of
their own internally. However, the stick section 10, camera
unit section 20 and center unit section 30 may be connected to
an outer power supply to receive power from outside.

It should be noted that the scope of the present invention is
not limited to the exemplary embodiments above explained
but includes the scope of the original claims as well as the
present claims and equivalents thereof.

What is claimed is:

1. A skill judging device comprising:

amusical sound generation instructing unit which instructs
generation of a predetermined musical sound to a sound
output unit, every time a performance action is played
with a performance appliance;

a position sensor which captures an image of the perfor-
mance appliance as a subject, and which detects position
coordinates of the performance appliance on an image
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plane of the image every time the performance action is
played with the performance appliance;
a variations sensor which detects an amount of shift of each
of the position coordinates detected by the position sen-
5 sor from a target position defined in a predetermined
performance area;

a skill judging unit which calculates a sum of the amounts
of the shifts from the target position of a predetermined
number of the performance actions, and which judges
one of a plurality of predetermined ranges within which
the sum belongs, wherein each of the plurality of prede-
termined ranges represents a skill level based on a
degree of a performance action variation;

anotification unit which notifies a result judged by the skill
judging unit; and

a display device which displays the position coordinates of
each performance action as plane coordinates on the
display device by being superimposed on an image illus-
trating concentric circles about a center point corre-
sponding to the target position of the performance area.

2. A skill judging method for a skill judging device, the
method comprising:

instructing generation of a predetermined musical sound to
a sound output unit, every time a performance action is
played with a performance appliance;

capturing an image of the performance appliance as a sub-
ject, and detecting, as a state of the performance action,
position coordinates of the performance appliance on an
image plane of the image every time the performance
action is played with the performance appliance, the
position coordinates being detected by a position sensor;

detecting an amount of shift of each of the position coor-
dinates detected by the position sensor from a target
position defined in a predetermined performance area;

calculating a sum of the amounts of the shifts from the
target position of a predetermined number of the perfor-
mance actions, and judging one of a plurality of prede-
termined ranges within which the sum belongs, wherein
each of the plurality of predetermined ranges represents
a skill level based on a degree of a performance action
variation;

notifying a judgment result of the degree of skill; and

displaying the position coordinates of each performance
action as plane coordinates on a display device by being
superimposed on an image illustrating concentric circles
about a center point corresponding to the target position
of the performance area.

3. A non-transitory computer readable storage medium
having stored thereon a program which causes a computer
50 used as a skill judging device to execute functions compris-
ing:

instructing generation of a predetermined musical sound to
a sound output unit, every time a performance action is
played with a performance appliance;

capturing an image of the performance appliance as a sub-
ject, and detecting, as a state of the performance action,
position coordinates of the performance appliance on an
image plane of the image every time the performance
action is played with the performance appliance, the
position coordinates being detected by a position sensor;

detecting an amount of shift of each of the position coor-
dinates detected by the position sensor from a target
position defined in a predetermined performance area;

calculating a sum of the amounts of the shifts from the
target position of a predetermined number of the perfor-
mance actions, and judging one of a plurality of prede-
termined ranges within which the sum belongs, wherein
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each of'the plurality of predetermined ranges represents
a skill level based on a degree of a performance action
variation;

notifying a judgment result of the degree of skill; and

displaying the position coordinates of each performance
action as plane coordinates on a display device by being
superimposed on an image illustrating concentric circles
about a center point corresponding to the target position
of the performance area.
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